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SUMMARY 

A s t a t i s t i c a l  model was cons t ruc t ed  t o  study the  e f f e c t s  of v a r i o u s  

f a c t o r s  on t h e  abundance of b lue  mar l in ,  Makaira n i g r i c a n s ,  around t h e  

main Hawaiian I s l a n d s  i n  t h e  t h i r d  q u a r t e r  of t h e  year .  The model was 

based on h i s t o r i c a l  r eco rds  of Japanese long l ine  e f f o r t  and catch-per-unit- 

e f f o r t  (CPUE), and a set of simple assumptions on blue m a r l i n  popu la t ion  

dynamics. 

Third q u a r t e r  blue mar l in  CPUE i n  l o c a l  waters was shown t o  be very 

h igh ly  c o r r e l a t e d  wi th  blue mar l in  CPUE a t  the beginning of t h e  yea r  on 

t h e  mid-Pacific blue mar l in  grounds south and southwest of H a w a i i .  The 

e f f e c t s  of o t h e r  f a c t o r s  on l o c a l  blue mar l in  abundance, such as f o r e i g n  

l o n g l i n i n g  e f f o r t  during t h e  f i r s t  two q u a r t e r s  i n  l o c a l ,  a d j a c e n t ,  and 

mid-Pacific wa te r s  could not be est imated r e l i a b l y .  

The study confirmed t h a t  l o c a l  abundance of blue m a r l i n  i s  d i c t a t e d  

l a r g e l y  by even t s  occurr ing o u t s i d e  the  Fishery Conservation Zone (FCZ) 

Although b e n e f i t s  t o  domestic b lue  mar l in  f i s h e r s  could be expected under 

c e r t a i n  cond i t ions ,  the q u a n t i t a t i v e  e f f e c t s  of excluding f o r e i g n  l o n g l i n e  

v e s s e l s  from the  FCZ cannot be computed. 



BACKGROUND AND PURPOSE 

The development of measures t o  c o n t r o l  t he  f o r e i g n  c a t c h  of b i l l f i s h e s  

i n  the  F i she ry  Conservation Zone (FCZ) i s  based p r imar i ly  on t h e  idea  t h a t  

f o r e i g n  f i s h i n g  v e s s e l s  compete s i g n i f i c a n t l y  with domestic v e s s e l s  on t h e  

l o c a l  grounds,  o r ,  i n  t h e  o u t e r  reaches of t h e  FCZ, i n t e r c e p t  f i s h  

migrat ing t o  l o c a l  grounds from more d i s t a n t  waters .  To the  e x t e n t  t h a t  

t h i s  concept i s  v a l i d ,  domestic h a r v e s t e r s  could b e n e f i t  from t h e  exc lus ion  

of f o r e i g n  v e s s e l s  from p a r t i c u l a r  a r eas  of t he  FCZ during the seasons when 

b i l l f i s h  are most abundant. 

I f  p i l l f i s h  occur r ing  l o c a l l y  were a l l  homegrown f i s h ,  then excluding 

f o r e i g n  v e s s e l s  would unquestionably he lp  l o c a l  f ishermen. But i f  t h e  

b i l l f i s h  taken i n  l o c a l  waters o r i g i n a t e  elsewhere,  o r  a r e  par t  of wide- 

ranging popu la t ions ,  t he  expuls ion of f o r e i g n  l o n g l i n e r s  would no t  

n e c e s s a r i l y  lead t o  higher  l o c a l  c a t c h  rates.  I f  t h e  d i sp laced  f o r e i g n  

v e s s e l s  were redeployed i n  o t h e r  regions of the b i l l f i s h ' s  range,  they 

would s t i l l  a f f e c t  l o c a l  c a t c h  rates by reducing t h e  number of b i l l f i s h  

mig ra t ing  from those r eg ions  t o  l o c a l  waters. 

t h e  competi tors  would depend on t h e  r e l a t i v e  concen t r a t ions  of b i l l f i s h  i n  

the  va r ious  a r e a s  and t h e i r  v u l n e r a b i l i t y  t o  the f o r e i g n  long l ine  g e a r .  

Unfortunately,  with our meager understanding of b i l l f i s h  biology and t h e  

e f f e c t s  of f i s h i n g ,  w e  have been unable t o  p r e d i c t  t he  r e s u l t s  of 

exclusionary p o l i c i e s  with much confidence.  Previous s t u d i e s ,  such as t h a t  

The net  impact of removing 

by Lovejoy, have s t r e s s e d  t h a t  a t  bes t  only g e n e r a l  q u a l i t a t i v e  conclusions 

could be reached, and t h a t  even these  were based more on assumptions than 

e s t a b l i s h e d  f a c t s .  
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This r epor t  summarizes our r ecen t  a t tempts  t o  examine some of t h e  

i d e a s  expressed above, w i th  r e s p e c t  t o  b lue  mar l in ,  Makaira n i s x i c a n s ,  

only.  

cons t ruc t  a simple but l o g i c a l  conceptual  model of l o c a l  b lue  mar l in  

abundance, and see what conclusions could be drawn. I n  p a r t i c u l a r ,  w e  

considered the  r e l a t i o n s h i p s  between the  abundance of b lue  mar l in  i n  

Hawaiian waters dur ing  the  t h i r d  q u a r t e r  of t he  year  and s e v e r a l  f a c t o r s  

thought t o  a f f e c t  i t .  These included the  abundance of b lue  mar l in  i n  t h e  

mid-Pacific a t  t h e  beginning of t h e  year, recru i tment  t o  t h e  s tock  dur ing  

the  f i r s t  ha l f  of the  yea r ,  and the  amount of f i s h i n g  e f f o r t  appl ied  t o  t h e  

s tock  i n  t h i s  same period.  

Our approach was t o  assemble t h e  bes t  f i s h e r y  s t a t i s t i c s  a v a i l a b l e ,  

TRENDS I N  ANNUAL ABUNDANCE AND FISHING EFFORT 

We assumed a s i n g l e  populat ion of blue mar l in  occupying t h e  c e n t r a l  

P a c i f i c ,  whose geographical  d i s t r i b u t i o n  changes seasonal ly .  While blue 

mar l in  may be found i n  Hawaiian waters throughout t he  yea r ,  t h e i r  abundance 

seems t o  reach  a peak i n  t h e  summer months. 

l o c a l  waters  from the  e q u a t o r i a l  waters  t o  the  south and southwest.  

Presumably they migra te  i n t o  

If t h i s  i s  so, it  should be r e f l e c t e d  i n  t h e  h i s t o r i c a l  records of 

b lue  mar l in  abundance around the  main Hawaiian I s l ands  and i n  more d i s t a n t  

waters .  The only a v a i l a b l e  sources  of such information are t h e  b lue  marlin 

ca tch-per -uni t -e f for t  (CPUE) s t a t i s t i c s  of domestic l o n g l i n e r s ,  f i s h i n g  

around Hawaii, and the  CPUE of Japanese tuna long l ine  v e s s e l s  ope ra t ing  

throughout t he  range of t he  b lue  mar l in  s tock.  I n  t h e  area of our concern,  

t h e  v e s s e l s  t a r g e t  on ye l lowf in  tuna ,  Thunnus a lbaca res ,  and bigeye tuna ,  

- T. obesus,  and ca t ch  b lue  mar l in  and o t h e r  spec ie s  i n c i d e n t a l l y .  If 
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sys temat ic  changes i n  tuna t a t g e t t i n g  have occurred over t h e  y e a r s ,  t h e  

CPUE t r ends  f o r  b lue  mar l in  may not  r e f l e c t  a c t u a l  changes i n  abundance. 

Having no recourse ,  we assume no changes i n  b lue  mar l in  c a t c h a b i l i t y  have 

occurred.  

For purposes of t h i s  a n a l y s i s ,  w e  def ined  t h r e e  zones i n  t h e  c e n t r a l  

P a c i f i c  assumed t o  encompass most of the  blue mar l in ,  and computed t h e  

h i s t o r i c a l  t rends  of CPUE i n  each. The a reas  a r e :  

Local  - The two 5" squares  surrounding the  main Hawaiian 

I s l a n d s ,  from long. 155" t o  160"W and l a t .  15" t o  25"N. 

Adjacent - The seven 5" squares  bordering on the  l o c a l  a r e a  t o  the  

eas t ,  south ,  and west. 

Mid-Pacific - A l l  remaining 5" squares  i n  the  reg ion  from long. 150"W 

t o  150"E and l a t .  10"s t o  25"N. 

The a r e a s  a r e  depic ted  i n  F igure  1. 

t h i s  i s  t h e  smallest a r e a  by which Japanese long l ine  s t a t i s t i c s  a r e  

a v a i l a b l e .  The ' l o c a l '  a r e a  i s  equiva len t  t o  the  FCZ, f o r  a l l  p r a c t i c a l  

purposes: and roughly co inc ides  wi th  the  a r e a  where the  domestic l o n g l i n e r s  

f i s h .  

The 5" square u n i t  was used because 

Within each a rea  w e  compiled t h e  h i s t o r i c a l  records of b lue  mar l in ,  

ye l lowf in  tuna,  and bigeye tuna CPUE, averaged over the  whole year,  between 

1956 and 1980. A complete record was a v a i l a b l e  only f o r  Japanese 

long l in ing .  Domestic d a t a  were a v a i l a b l e  only  f o r  1959 t o  1978. 

Nominal f i s h i n g  e f f o r t  by the  two gea r s  was a l s o  computed f o r  each 

area. The CPUE and e f f o r t  s t a t i s t i c s  a r e  l i s t e d  i n  Tables  1 and 2. Note 

t h a t  t he  units are d i f f e r e n t  f o r  t h e  two gear  types.  Domestic CPUE is  i n  

me t r i c  t o n s / t r i p ,  and e f f o r t  i s  measured i n  number of v e s s e l  t r i p s .  
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Japanese CPUE i s  i n  number of blue mar l in  caught/1,000 hooks f i s h e d  and 

e f f o r t  i s  i n  thousands of hooks f i s h e d .  In  the case  of the mid-Pacific 

a r e a ,  Japanese e f f o r t  s i n c e  1966 was expanded t o  include est imated e f f o r t  

by o t h e r  high-seas l o n g l i n e r s  ( p r i m a r i l y  Korean). 

The t r ends  i n  annual CPUE and e f f o r t  d a t a  a r e  a l s o  dep ic t ed ,  f o r  blue 

mar l in  on ly ,  i n  F igu res  2-5. The a c t u a l  va lues  a r e  not  shown. I n s t e a d ,  w e  

have p l o t t e d  t h e  magnitude of each y e a r ' s  CPUE and e f f o r t  r e l a t i v e  t o  t h e  

1978 f i g u r e s  . 
The most i n t e r e s t i n g  f e a t u r e s  of t h e  annual p l o t s  a r e  

1 - While mid-Pacific f o r e i g n  e f f o r t  has f l u c t u a t e d ,  t h e  most 

dramatic  changes i n  long l ine  e f f o r t  have been i n  ad jacen t  and 

l o c a l  waters. Domestic l o n g l i n i n g  has gone s t e a d i l y  downhil l ,  i n  

terms of both CPUE and e f f o r t  s i n c e  1959. Japanese long l in ing  i n  

l o c a l  and ad jacen t  waters  mushroomed during the  1960 ' ,  but has 

s i n c e  tended t o  s t a b i l i z e  or  dec l ine .  

2 - Blue mar l in  CPUE has tended t o  d e c l i n e  i n  a l l  a r e a s .  

(However, i n  t he  e a r l y  1 9 7 0 ' ~ ~  the  domestic blue marl in  CPUE i s  

biased downward because of underreport  ing . 

In  terms of exp la in ing  changes i n  l o c a l  blue mar l in  abundance, t h e  

annual p l o t s  make two po in t s .  

m a r l i n  s tock  support ing f i s h e r i e s  i n  the  t h r e e  a r e a s  i s  r easonab le ,  s i n c e  

l o c a l  CPUE s t a t i s t i c s  fo l low t h e  same b a s i c  t r ends  as those i n  t h e  mid- 

P a c i f i c .  Second, b a r r i n g  c o l l o s a l  leaps i n  r e l a t i v e  f i s h i n g  power, r a p i d l y  

d e c l i n i n g  nominal e f f o r t  by any gear  would enhance s u r v i v a l  of b lue  mar l in  

and probably inc rease  CPUE. Therefore  it appears t h a t  year-to-year changes 

F i r s t ,  our assumption of a common b lue  



5 

i n  abundance of b lue  mar l in ,  even l o c a l l y ,  a r e  not a f f e c t e d  by domestic 

l ong l in ing ,  (Within-year impacts would be expected.)  

QUARTERLY PATTERNS 

Other information emerges when the  CPUE and e f f o r t  s t a t i s t i c s  are  

compiled by q u a r t e r s .  These d e t a i l e d  d a t a  are given i n  Table  3 ,  f o r  b lue  

mar l in  only.  To s impl i fy  a n a l y s i s  f u r t h e r ,  w e  averaged the  q u a r t e r l y  d a t a  

over a l l  years, and p l o t t e d  t h e  r e s u l t i n g  CPUE and e f f o r t  s t a t i s t i c s  i n  

F igures  6-9. 

(July-September) taken a s  t h e  base per iod.  

Again, r e l a t i v e  va lues  a r e  p l o t t e d ,  wi th  the  t h i r d  q u a r t e r  

A l l  t he  q u a r t e r l y  p l o t s  suggest  an inc rease  i n  apparent  abundance ( o r  

a v a i l a b i l i t y )  of b lue  mar l in  i n  t h e  t h i r d  q u a r t e r ,  but e s p e c i a l l y  those 

f o r  ad jacen t  and l o c a l  a r eas .  This  suppor ts  t he  assumption tha t  dur ing  

t h e  f i r s t  ha l f  of t h e  year blue mar l in  migra te  i n t o  l o c a l  waters  from a 

major d i s t r i b u t i o n  cen te r  south  and southwest of t he  main i s l a n d s .  

MODEL OF LOCAL BLUE MARLIN ABUNDANCE 

On t h e  b a s i s  of t r ends  and p a t t e r n s  revea led  i n  the  annual and 

q u a r t e r l y  s t a t i s t i c s ,  we cons t ruc ted  a simple model of l o c a l  blue mar l in  

abundance i n  t h e  t h i r d  q u a r t e r .  

Logica l ly ,  t h e  model can be separa ted  i n t o  t h r e e  p ieces .  The f i r s t  

s t a t e s  t h a t  t h e  l o c a l  b lue  mar l in  abundance i n  t he  t h i r d  q u a r t e r  i s  equa l  

t o  the  mid-Pacific abundance during t h e  t h i r d  q u a r t e r  times the  p ropor t ion  

a v a i l a b l e  i n  the  l o c a l  a r e a  i n  t h i s  season. This  propor t ion  is assumed t o  

be cons tan t  o r ,  a t  most, t o  vary from year  t o  year  i n  a random fash ion .  

The second p a r t  s ta tes  t h a t  the  th i rd-quar te r  abundance i n  the  mid-Pacif ic  
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i s  equal  t o  t h e  mid-Pacific abundance a t  t he  beginning of t h e  year  times 

the  propor t ion  of those b lue  mar l in  surv iv ing  t o  the  t h i r d  q u a r t e r ,  p l u s  

a l l  new b lue  mar l in  r e c r u i t i n g  t o  the  popula t ion  during t h e  f i r s t  ha l f  of 

t h e  year  and s t i l l  a l i v e  during the  t h i r d  q u a r t e r .  The t h i r d  p i ece  of t h e  

model s ta tes  t h a t  t h e  s u r v i v a l  ra te  during t h e  f i r s t  two q u a r t e r s  i s  a 

f u n c t i o n  of n a t u r a l  m o r t a l i t y  f a c t o r s  (assumed cons t an t )  and f i s h i n g  

m o r t a l i t y  on t h e  s tock  (assumed p ropor t iona l  t o  fo re ign  long l in ing  e f f o r t  

i n  t he  l o c a l ,  a d j a c e n t ,  and mid-Pacific a r e a s ) .  

Mathematically inc l ined  r eade r s  w i l l  f i n d  t h e  model equat ion  i n  t h e  

Appendix . 
Of t h e  f a c t o r s  i n  t h e  model, t h e  only ones known e x p l i c i t l y  are t h e  

However, w e  made the  usua l  assumption t h a t  CPUE nominal f i s h i n g  e f f o r t s .  

i s  p ropor t iona l  t o  f i s h  abundance, on t h e  average,  and s u b s t i t u t e d  

Japanese long l ine  b lue  mar l in  CPUE s t a t i s t i c s  i n t o  the  model. The t h i r d  

q u a r t e r  l o c a l  abundance i n  a given year  was assumed t o  be p ropor t iona l  t o  

the  average of t he  Japanese CPUE's  dur ing the  second, t h i r d ,  and f o u r t h  

q u a r t e r s  i n  t h e  l o c a l  a r ea .  (The r e s u l t i n g  s t a t i s t i c  i s  c a l l e d  CPUEL.) 

The mid-Pacific abundance a t  t he  beginning of t he  year  was assumed 

p ropor t iona l  t o  t h e  average of t h e  mid-Pacific Japanese CPUE's i n  t h e  

t h i r d  and f o u r t h  q u a r t e r s  of t he  previous year  and the  f i r s t  and second 

q u a r t e r s  of t h e  cu r ren t  year. 

Since th i rd -qua r t e r  Japanese e f f o r t  i n  l o c a l  waters  d id  not begin u n t i l  

1962, we f i t  t he  model t o  da t a  f o r  1 8  years, 1962-79 (1980 Japanese d a t a  

have n o t  y e t  been compiled on a q u a r t e r l y  b a s i s ) .  

Table  4. 

(The r e s u l t i n g  s t a t i s t i c  i s  denoted CPUEM.) 

The d a t a  are l i s t e d  i n  
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FITTING THE MODEL TO DATA 

In f i t t i n g  t h e  model, t h e  CPUE d a t a  were f i r s t  converted t o  

logari thms t o  s a t i s f y  mathematical requirements.  

t he  converted va lues  a r e  denoted LOG(CPUEL1 and LOG(CPUEM1. 

For CPUEL and CPUEM, 

Figures  10 and 11 show t h a t  t he  transformed t h i r d  q u a r t e r  l o c a l  

abundance [LOG(CPUEL)] i s  d i r e c t l y  r e l a t e d  t o  the transformed mid-Pacific 

abundance a t  the beginning of t h e  year [LOG(CPUEM)]. Of course,  t h i s  was 

expected from the  high c o r r e l a t i o n  of l o c a l  and mid-Pacific CPUE's i n  t h e  

annual da t a .  

I f  LOG(CPUEM1 i s  considered by i t s e l f  as a p r e d i c t o r  of LOG(CPUEL1, 

w e  f i n d  t h a t  i t  can e x p l a i n  80% of the year-to-year v a r i a t i o n  i n  

LOG(CPUEL1. The observed LOG(CPUEL1 and t h e  values  p r e d i c t e d  by 

information on LOG(CPUEM) a lone  are  shown i n  Figure 12 .  

o r i g i n a l  u n i t s  a r e  i n  Figure 13. 

p r e d i c t e d  va lues  are not f a r  a p a r t .  However, t h e  model t ends  t o  

underest imate  the  observed va lues  i n  t h e  ear l ier  y e a r s ,  and t o  

ove res t ima te  them i n  more r ecen t  yea r s .  

i f  t he  s u r v i v a l  r a t e  during t h e  f i r s t  two q u a r t e r s ,  o r  t h e  r ec ru i tmen t  

t h a t  occurs during t h i s  per iod,  dec l ined  over t h e  18-year per iod.  

Resu l t s  i n  t h e  

I n  most y e a r s ,  t h e  observed and 

This  would be expected t o  happen 

I n  a second f i t t i n g  s t a g e ,  we t h e r e f o r e  added t h e  r ec ru i tmen t  and 

s u r v i v a l  components. We assumed t h a t  recrui tment  could e i t h e r  i n c r e a s e  

l i n e a r l y ,  decrease l i n e a r l y ,  o r  remain constant  during t h e  per iod.  I n  t h e  

s u r v i v a l  f u n c t i o n ,  w e  assumed f i s h i n g  m o r t a l i t y  during t h e  f i r s t  two 

q u a r t e r s  was a l i n e a r  combination of accumulated f o r e i g n  l o n g l i n i n g  e f f o r t  

i n  t he  mid-Pacific,  a d j a c e n t ,  and l o c a l  waters .  
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When t h i s  more complete model was f i t  t o  t h e  d a t a ,  we found t h a t  i t  

expla ined  95% of the  annual  v a r i a t i o n  i n  LOG(CPUEL). The f i t t e d  model and 

t h e  corresponding observed va lues  are d i sp layed  i n  F igure  14. 

o r i g i n a l  u n i t s ,  r e s u l t s  a r e  shown i n  F igure  15. 

I n  t h e  

Not s u r p r i s i n g l y ,  recru i tment  was es t imated  t o  have dec l ined  over  t h e  

yea r s ,  and f o r e i g n  e f f o r t  was predic ted  a s  having a nega t ive  impact on 

b lue  mar l in  abundance i n  a l l  t h r e e  a reas .  These r e s u l t s  a r e  c o n s i s t e n t  

w i th  the  s i g n i f i c a n t  nega t ive  c o r r e l a t i o n s  between f o r e i g n  e f f o r t  and b lue  

mar l in  CPUE apparent  i n  t h e  annual summary p l o t s ,  and t h e  marked d e c l i n e  

i n  b lue  mar l in  CPUE i n  a l l  a r eas .  

This  s t a t i s t i c a l  model may seem t o  be a success fu l  explana tory  device .  

However, t h i s  conclusion m u s t  be tempered, because the  p r e c i s i o n  of t h e  

e s t ima tes  of var ious  e f f e c t s  i s  extremely low ( s e e  Appendix). 

S t a t i s t i c a l l y ,  we could not  r e j e c t  t he  claim,  f o r  example, t h a t  f o r e i g n  

long l in ing  has had no e f f e c t  on blue mar l in  s u r v i v a l  i n  t h e  f i r s t  two 

q u a r t e r s .  

Nor would t h e  model be very s a t i s f a c t o r y  as a p red ic to r .  

p l ace ,  the  model i s  ove r s impl i f i ed .  Secondly, a s  j u s t  no ted ,  t h e  

parameters  of t h e  f i t t e d  model are poorly est imated.  This  i s  due i n  p a r t  

t o  the  d e a r t h  of d a t a ;  on ly  1 8  yea r s  of d a t a  were a v a i l a b l e  f o r  e s t ima t ing  

6 unknown parameters.  I t  i s  a l s o  due t o  l i n e a r  dependencies between 

seve ra l  of t he  independent v a r i a b l e s .  This  means t h a t  while  i t  may be 

l o g i c a l  t o  add t h e  e f f o r t  and recru i tment  components, it i s  no t  p o s s i b l e  t o  

s t a t i s t i c a l l y  d i f f e r e n t i a t e  between t h e i r  e f f e c t s .  

I n  t h e  f i r s t  
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CONCLUSIONS 

Despi te  the caut ionary remarks, t h i s  modeling e x e r c i s e  has been 

b e n e f i c i a l .  F i r s t ,  i t  has shown convincingly,  i f  not  conc lus ive ly ,  t h a t  

the f a t e  of l o c a l  b lue  m a r l i n  f i s h i n g  is  d i c t a t e d  by even t s  o u t s i d e  t h e  

FCZ. 

r e f l e c t  similar changes i n  the mid-Pacific. 

Year-to-year changes i n  l o c a l  b lue  mar l in  c a t c h  rates tend t o  

Second, t h e  consis tency among the  va r ious  CPUE s t a t i s t i c s  suggests  

t h a t  they may be f a i r l y  good i n d i c a t o r s  of blue mar l in  abundance. 

Third,  t he  e x e r c i s e  has h igh l igh ted  t h e  inadequacy of our  s c i e n t i f i c  

understanding of blue marl in  and our i n a b i l i t y  t o  c l e a r l y  e x p l a i n ,  much 

l e s s  f o r e c a s t ,  changes i n  l o c a l  abundance. This i n  s p i t e  of t h e  f a c t  t h a t  

we used the b e s t  d a t a  a v a i l a b l e .  
B 

Although our a n a l y s i s  was d i f f e r e n t  i n  c h a r a c t e r  from t h e  well-known 

Lovejoy s imula t ion  s tudy,  i t  shared some of t he  assumptions of t h a t  

a n a l y s i s ,  and s u b s t a n t i a t e d  o t h e r s .  I t  a l s o  had common o b j e c t i v e s .  As 

Lovejoy d i d  with a compartmental mig ra t ion  model, w e  hoped t o  study t h e  

e f f e c t s  of excluding f o r e i g n  long l ine  e f f o r t  from l o c a l  waters. I n  our 

simple s t a t i s t i c a l  model, no e x p l i c i t  assumptions were made about 

migrat ion.  However, i f  t h e  e f f e c t s  of f o r e i g n  f i s h i n g  e f f o r t  i n  t h e  

v a r i o u s  a r e a s  had been est imated wi th  enough p r e c i s i o n ,  we could have made 

rough p r e d i c t i o n s  of t h e  ne t  e f f e c t s  of excluding f o r e i g n  v e s s e l s  from the  

l o c a l  a r e a ,  under v a r i o u s  assumptions about t h e i r  r e d i s t r i b u t i o n  i n  t h e  

o t h e r  t.wo a r e a s  ( o r  o u t s i d e  a l l  t h r e e  a r e a s ) .  Our b e l i e f  i s  t h a t  

q u a n t i t a t i v e  p r e d i c t i o n s  a r e  not  y e t  poss ib l e .  As Lovejoy concluded, t h e  

most t h a t  can be s a i d  i s  t h a t  some b e n e f i t  w i l l  a cc rue ,  provided 

c a t c h a b i l i t y  of blue mar l in  by f o r e i g n  l o n g l i n e r s  i s  cons t an t .  Needless t o  
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say, a meaningful comparative study of alternative exclusionary policies in 

the FCZ would be out of the question. 
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APPEND I X 

L e t  CPUEL = Japanese l o n g l i n e  CPUE i n  l o c a l  wa te r s  a t  middle of t h i r d  

q u a r t e r  (average of second, t h i r d ,  and f o u r t h  q u a r t e r  

s t a t i s t i c s ) .  

CPUEM = Japanese l o n g l i n e  CPUE i n  mid-Pacific waters  a t  beginning of 

year  (average of t h i r d  and f o u r t h  q u a r t e r  s t a t i s t i c s  of 

previous yea r  and f i r s t  and second q u a r t e r  s t a t i s t i c s  of 

cu r ren t  y e a r ) .  

HL = Half of f o r e i g n  long l ine  e f f o r t  i n  l o c a l  waters  during second 

q u a r t e r ,  p l u s  ha l f  of t h i r d  q u a r t e r  e f f o r t .  

HA = T o t a l  f o r e i g n  long l ine  e f f o r t  i n  ad jacen t  wa te r s  during f i r s t  

two q u a r t e r s ,  p lus  half  of t h i r d  q u a r t e r  e f f o r t .  

HM = Tota l  f o r e i g n  long l ine  e f f o r t  i n  mid-Pacific waters  during 

f i r s t  two q u a r t e r s ,  p l u s  half  of t h i r d  q u a r t e r  e f f o r t .  

The complete non l inea r  r eg res s ion  model i s :  

ln(CPUEL) = A + In  {CPUEM + C + D (yea r  - 1962) 1 

- B 1  HM - B2 H A -  B3 HL + E 

where the a d d i t i o n a l  symbols are  

C = Constant p ropor t iona l  t o  i n t e r c e p t  of l i n e a r  recrui tment  

f u n c t i o n  

D = Constant p ropor t iona l  t o  s lope  of l i n e a r  recrui tment  f u n c t i o n  

B~ = Mid-Pacific area c a t c h a b i l i t y  c o e f f i c i e n t  

B2 = Adjacent area c a t c h a b i l i t y  c o e f f i c i e n t  

B3 = Local a r e a  c a t c h a b i l i t y  c o e f f i c i e n t  
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A = Constant (includes natural mortality coefficient and other 

terms 1 

€ = Random error term 

Estimates of model coefficients and their asymptotic standard errors: 

E s t ima t ed 
Parameter Est ima t e standard error 

A 

C 

-0.0876 

-0.2082 

2.98 

3.47 

D -0.0227 0.192 

B1 0.00000031 0.000037 

B2 0.000040 0.00017 

B3 0.00036 0.0014 

R2 = 0.95 
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Table 1.--Annual statistics of CPUE and nominal effort for domestic and 
Japanese longliners in local area. BM = blue marlin, YF = yellowfin tuna, 
BE = bigeye tuna. 

Domestic longline Japanese longline 

CPUE CPUE 

Year Effort BM YF BE Effort BM YF BE 

1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 

-- 
-- 
-- 

1,039 
87 9 
91 3 
761 
770 
730 
629 
614 
6 20 
514 
544 
566 
597 
501 
46 0 
3 85 
373 
47 1 
43 7 
503 -- 
-- 

-- 
-- 
-- 

0.177 
0.144 
0.119 
0.095 
0.099 
0.082 
0.091 
0.085 
0.065 
0.061 
0.066 
0.064 
0.012 

0.009 
0.016 
0.012 
0.016 
0.026 
0.037 

-- 

-- 
-- 

-- 
-- 
-- 

0.169 
0.156 
0.167 
0.145 
0.153 
0.182 
0.243 
0.259 
0.227 
0.192 
0.195 
0.444 
0.320 
0.286 
0.192 
0.326 
0.226 
0.236 
0.402 
0.341 

-c 

-L 

-- 
-- 
-- 

0.573 
0.645 
0.513 
0.720 
0.551 
0.519 
0.549 
0.563 
0.473 
0.497 
0.587 
0.380 
0.357 
0.450 
0.394 
0.481 
0.402 
0.412 
0.516 
0.376 -- 

-- 

215 0.455 
43 0.490 
37 0.543 
148 0.589 
300 0.872 
51 1.129 
399 1.400 
470 1.218 

1,614 0.659 
642 0.802 
466 0.984 

1,033 0.786 
1,181 0.633 
1,245 0.446 
966 1.009 
663 0.353 
618 0.325 

1,293 0.169 
2,618 0.384 
704 0.124 

1,658 0.165 
1,418 0.258 
1,629 0.550 
686 0.214 
263 0.236 

10.502 
0.653 
1.656 
2.262 
4.647 
6.305 
2.612 
1.439 
2.594 
4.377 
2.248 
1.477 
2.901 
2.700 
6.415 
6.191 
3.333 
2.126 
2.630 
2.258 
2.574 
2.773 
0.604 
3.637 
1.472 

25.531 
14.257 
10.998 
12.982 
14.240 
5.546 
14.352 
17.741 
12.212 
11.416 
10.434 
9.078 
6.554 
10.631 
8.635 
11.996 
8.088 
8.625 
7.363 
5.573 
9.179 
10.958 
11.739 
8.341 
8 .OOO 

Units: Japanese Effort = 1,000's of hooks 
CPUE = Number of f i s h  per 1,000 hooks 

Domestic Effort = Number of trips 
CPUE = Metric tons per trip 
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Table 2.--Annual statistics of CPUE and nominal effort for Japanese 
longliners in adjacent and mid-Pacific areas. BM = blue marlin, YF = 
yellowfin tuna, BE = bigeye tuna. 

Adjacent area Mid-Pacific area 

CPUE CPUE 

Year Effort BM BE Effort BM YF BE YF 
---_---.-I. ---.--- - ---- 

1956 227 
1957 120 
1958 505 
1959 1,237 
1960 1,581 
1961 2,462 
1962 5,596 
1963 5,864 
1964 7,561 
1965 1,767 
1966 2,283 
1967 3,204 
1968 3,970 
1969 2,311 
1970 7,365 
1971 3,888 
1972 5,088 
1973 6,133 
1974 3,462 
1975 4,023 
1976 5,305 
1977 3,438 
1978 7,392 
1979 4,743 
1980 4,977 

0.666 0.683 16.676 
0.740 1.256 21.373 
1.113 1.273 25.308 
0.512 2.751 21.006 
1.278 3.755 18.356 
2.054 3.082 23.938 
1.702 1.413 26.652 
1.748 0.914 17.551 
0.929 1.639 12.221 
1.143 2.498 8.557 
0.993 1.429 13.516 
0.980 1.178 13.558 
0.698 1.507 8.272 
0.789 2.076 9.459 
1.227 3.917 8.742 
0.576 2.077 8.532 
0.854 1.407 9.615 
0.492 1.207 9.229 
0.568 1.462 7.340 
0.296 1.247 8.325 
0.459 1.123 8.752 
0.290 1.076 9.481 
0.538 0.867 10.240 
0.406 2.043 7.697 
0.535 1.265 9.862 

26,785 2.768 16.315 
45,971 3.088 21.175 
48,124 2.906 20.090 
50,975 2.182 18.221 
52,038 1.989 22.751 
68,854 2.263 17.453 
71,412 2.121 14.951 
84,088 1.606 15.158 
66,815 1.554 15.935 
66,208 1.229 12.375 
68,098 1.260 18.370 
57,390 1.359 10.370 
54,260 1.091 13.107 
57,086 1.291 13.580 
61,140 1.593 12.758 
61,793 0.865 10.448 
79,229 1.025 10.322 
57,991 0.899 10.510 
65,601 0.809 5.313 
57,027 0.479 5.825 
55,448 0.719 9.050 
59,343 0.768 14.535 

75,488 0.644 12.464 
93,390 0.752 14.132 

54,276 0.828 17.287 

10.592 
10.280 
14.291 
10.731 
8.532 
9.078 
6.086 
7.939 
7.639 
7.087 
6.332 
6.425 
5.325 
7.014 
5.562 
6.270 
7.694 
6.140 
6.807 
7.396 
7.186 
8.003 
6.720 
7 .zoo 
5.828 

Units: Japanese Effort = 1,000's of hooks 
CPUE = Number of fish per 1,000 hooks 
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Table 3.--Quarterly s t a t i s t i c s  of blue mar l in  CPUE and nominal e f f o r t  by 
domestic and Japanese long l ine r s .  

- __ 
Domestic Japanese Japanese Japanese 

l o c a l  l o c a l  ad jacent  mid-Pac i f  i c  

Year Quarter E f fo r t  CPUE Ef fo r t  CPUE Effor t  CPUE E f fo r t  CPUE 

1961 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 

222 0.045 
228 0.110 
218 0.217 
245 0.107 

138 0.057 
207 0.110 
200 0.135 
216 0.067 

185 0.052 
194 0.113 
187 0.146 
204 0.082 

171  0.023 
183 0.056 
165 0.161 
211 0.091 

156 0.044 
159 0.124 
141 0.134 
173 0.066 

126 0.053 
152 0.093 
145 0.124 
191 0.068 

153 0.021 
141 0.080 
133 0.112 
193 0.056 

126 0.020 
121 0.071 
112 0.119 
155 0.045 

30 1.058 
21 1.228 

-- 0 
0 

8 0.236 
361 1.416 

1 2  2.790 
16 0.544 

167 0.388 
242 1.767 

40 1.660 
19 0.560 

652 0.445 
779 0.740 
106 1.515 

75 0.464 

84 0.470 
462 0.828 

43 1.287 
50 0.707 

11 0.421 
439 0.985 

7 0.502 
6 2.462 

48 0.573 
911 0.763 
55 0.939 
1 7  2.101 

135 0.443 
915 0.691 

3 0.269 
126 0.426 

-- 

1,137 1.203 20,925 1.844 
1,244 2.629 18,599 2.326 

68 5.718 16,065 2.547 
10 2.043 13,263 2.492 

1,801 1.282 22,035 1.905 
3,445 1.783 16,079 2.190 

262 3.629 17,574 2.219 
86 1.369 15,723 2.243 

1,909 0.893 23,968 1.510 
3,629 2.156 22,461 1.663 

259 2.514 18,441 1.683 
65 0.981 19,215 1.584 

2,003 0.767 23,594 1.493 
4,739 1.047 17 ,179  1.782 

110 1.834 14,773 1.436 
706 0.454 11,267 1.488 

300 0.502 23,329 1.161 
743 1.361 21,535 1.223 
504 1.245 12,452 1.329 
219 1.039 8,890 1 .279  

355 0.211 16,669 1.061 
1,533 1.104 20,684 1.231 

292 1.437 18,124 1.385 
101 0.756 12,620 1.399 

1,054 0.579 19,586 1.050 
1,818 1.096 18,020 1.554 

197 2.313 12,505 1.666 
134 0.581 7 , 2 7 7  1.161 

667 0.673 15,146 0.850 
2,750 0.741 17,692 1.357 

57 1.348 14,040 1.261 
493 0.415 7,379 0.621 
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Table 3.--Continued. 

Domestic Japanese Japanese Japanese 
local local adjacent mid-Pac if ic -_ - 

Year Quarter Effort CPUE Effort CPUE Effort CPUE Effort CPUE 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 

119 0.021 
121 0.052 
139 0.135 
165 0.049 

117 0.009 
129 0.049 
148 0.108 
172 0.073 

128 0.038 
142 0.015 
157 0.001 
170 0 

138 0 
120 0 
115 0 
128 0 

107 0 
111 0.002 
102 0.020 
140 0.012 

83 0.004 
92 0.014 
91 0.034 
119 0.011 

102 0.005 
83 0.008 
77 0.019 

111 0.015 

110 0.006 
97 0.011 
131 0.022 
133 0.021 

91 0.006 
97 0.022 

111 0.041 

428 0.128 5 96 
320 0.871 51 8 
122 1.102 53 9 
373 0.230 6 56 

226 0.145 1,456 
183 1.593 3,609 
250 1.818 976 
304 0.633 1,322 

333 0.171 928 
50 0.530 1,420 
92 0.972 434 
186 0.322 1,104 

171 0.087 925 
160 0.575 2,361 
59 0,817 1,419 
226 0.198 3 82 

245 0.093 2,357 
506 0.191 2,881 
15 0.461 362 
525 0,175 53 2 

586 0.228 969 
1,106 0.454 1,207 
367 0.699 716 
557 0.200 56 8 

283 0.067 1,256 
236 0.152 1,599 
54 0.458 1,059 
129 0.053 107 

279 0.046 1,195 
1,122 0.178 1,859 

57 0.350 1,816 
198 0.206 43 3 

502 0.113 339 
442 0.212 2,178 
253 0.575 694 

0.494 
1.003 
1.438 
0.352 

0.363 
1.533 
2.199 
0.623 

0.257 
0.794 
1.331 
0.267 

0.228 
0.768 
1.604 
0.109 

0.335 
0.552 
1.386 
0.248 

0.428 
0.726 
0.795 
0.181 

0.093 
0.322 
0.512 
0.158 

0.276 
0.41 1 
0.703 
0.140 

0.067 
0.267 
0.514 

18,301 
15,788 
13,349 
9,645 

20,448 
14,847 
16,282 
9,562 

22,507 
16,684 
14,436 
8,164 

26,529 
21,675 
21,271 
9,751 

22,128 
12,773 
13,652 
9,437 

20,181 
17,371 
14,451 
13,595 

24,952 
8,137 

12,017 

17,057 
15,035 
13,333 
10,022 

21,334 
12,409 
13,625 

11,919 

0.992 
1.349 
1.622 
1.305 

1.329 
1.991 
1.861 
1.083 

0.710 
0.822 
1.157 
0.863 

1.124 
1.086 
0.956 
0.770 

0.965 
0.969 
0.723 
0 .go1 

0.867 
0.976 
0.828 
0.484 

0.357 
0.565 
0.723 
0.432 

0.506 
0.856 
0.894 
0.642 

0.609 
0.794 
0.873 

138 0.026 219 0.314 226 0.154 11,973 0.902 
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Table 3.--Continued. 

Domes t i c Japanese Japanese Japanese 
local local adjacent mid-lac if ic - 

Year Quarter Effort CPUE Effort CPUE Effort CPUE Effort CPUE 

1978 1 
2 
3 
4 

1979 1 
2 
3 
4 

127 0.023 
126 0.044 
112 0.050 
138 0.028 

15 0 620 0.301 18,488 0.765 
709 0.383 4,452 0.539 13,744 1.076 
804 0.761 1,713 0.749 11,508 0.871 
99 0.111 605 0.175 10,534 0.563 

86 0.069 1,613 0.241 22,866 0.537 
351 0.273 2,619 0.517 20,069 0.753 
40 0.595 260 0.568 17,897 0.600 
207 0.101 249 0.120 14,653 0.713 

Units: Japanese Effort = 1,000's of hooks 
CPUE = Number of fish per 1,000 hooks 

Domestic Effort = Number of trips 
CPUE = Metric tons per trip 
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Table 4.--Data f o r  f i t t i n g  abundance models. 
(Some da ta  l i s t e d  here  were not used.) 

HM 
Year CPUED CPUEL CPUEM HD HL HA HM ( r a i s e d )  

1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 

0.259 1.6582 
0.217 2.8864 
0.135 2.5460 
0.146 2.1779 
0.161 1.6328 
0.134 1.4851 
0.124 1.8117 
0.113 1.8720 
0.119 1.0864 
0.136 1.0970 
0.108 1.7142 
0.001 1.1797 
0.000 0.9235 
0.021 0.5839 
0.034 0.6462 
0.019 0.4370 
0.022 0.3909 
0.041 0.4976 
0.050 0.5845 

-- 0.5182 

3.7939 
4.8098 
4.5677 
3.8190 
3.2717 
2.6551 
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